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the recorded seismic waves. Earthquake magnitudes are also measured by their Moment 
Magnitude (Mw) which is related to the physical characteristics of a fault including the rigidity of 
the rock, the size of fault rupture and movement or displacement across a fault (CGS, 2002). 

Ground movement during an earthquake can vary depending on the overall magnitude, distance 
to the fault, focus of earthquake energy and type of geologic material. The composition of 
underlying soils, even those relatively distant from faults, can intensify ground shaking. For this 
reason, earthquake intensities are also measured in terms of their observed effects at a given 
locality. The Modified Mercalli (MM) intensity scale shown in Table 4.5-1 is commonly used to 
measure earthquake damage due to ground shaking. The MM values for intensity range from 
I (earthquake not felt) to XII (damage nearly total) and intensities ranging from IV to X could 
cause moderate to significant structural damage.5 The intensities of an earthquake will vary over 
the region of a fault and generally decrease with distance from the epicenter of the earthquake. 

Regional Faults 

The faults in the region with the highest estimated probability of generating damaging 
earthquakes over the next approximate 30 years are the Hayward, Rodgers Creek, Calaveras, and 
San Andreas Faults (USGS, 2016). These four faults exhibit strike-slip orientation and have 
experienced movement within the last 150 years.6 Other principal faults capable of producing 
significant ground shaking in the Bay Area are listed on Table 4.5-2, Active Faults in the 
Project Vicinity, and include the Concord–Green Valley and Marsh Creek–Greenville faults.  

San Andreas Fault  

The San Andreas Fault Zone is a major structural feature that forms at the boundary between the 
North American and Pacific tectonic plates, extending from the Salton Sea in Southern California 
near the border with Mexico to north of Point Arena, where the fault trace extends out into the 
Pacific Ocean. The main trace of the San Andreas fault through the Bay Area trends northwest 
through the Santa Cruz Mountains and the eastern side of the San Francisco Peninsula. As the 
principal strike-slip boundary between the Pacific plate to the west and the North American plate 
to the east, the San Andreas is often a highly visible topographic feature, such as between Pacifica 
and San Mateo, where Crystal Springs Reservoir and San Andreas Lake clearly mark the rupture 
zone. Near San Francisco, the San Andreas fault trace is located immediately off-shore near Daly 
City and continues northwest through the Pacific Ocean approximately 6 miles due west of the 
Golden Gate Bridge. 

In the San Francisco Bay Area, the San Andreas Fault Zone was the source of the two major 
seismic events in recent history that affected the San Francisco Bay region. The 1906 San Francisco 
earthquake was estimated at Mw 7.9 and resulted in approximately 290 miles of surface fault 
rupture, the longest of any known continental strike slip fault. Horizontal displacement along the 

 
5  The damage level represents the estimated overall level of damage that will occur for various MM intensity levels. 

The damage, however, will not be uniform. Not all buildings perform identically in an earthquake. The age, 
material, type, method of construction, size and shape of a building all affect its performance. 

6 A strike-slip fault is a fault on which movement is parallel to the fault’s strike or lateral expression at the surface 
(Bates and Jackson, 1984). 



4. Environmental Setting, Impacts and Mitigation Measures 
4.5 Geology and Soils 

Bayview Estates Residential Project 4.5-7 ESA / 208078 
Draft Environmental Impact Report May 2021 

fault approached 17 feet near the epicenter. The more recent 1989 Loma Prieta earthquake, with a 
magnitude of Mw 6.9, resulted in widespread damage throughout the Bay Area (ABAG, 2003).  

TABLE 4.5-1 
MODIFIED MERCALLI INTENSITY SCALE 

Intensity 
Value Intensity Description 

Average Peak 
Acceleration 

(% ga) 

I Not felt except by a very few persons under especially favorable circumstances. < 0. 17 g 

II Felt only by a few persons at rest, especially on upper floors on buildings. 
Delicately suspended objects may swing. 

0.17-1.4 g 

III Felt noticeably indoors, especially on upper floors of buildings, but many people do 
not recognize it as an earthquake. Standing motor cars may rock slightly, vibration 
similar to a passing truck. Duration estimated. 

0.17-1.4 g 

IV During the day felt indoors by many, outdoors by few. At night, some awakened. 
Dishes, windows, doors disturbed; walls make cracking sound. Sensation like 
heavy truck striking building. Standing motor cars rocked noticeably. 

1.4–3.9g 

V Felt by nearly everyone, many awakened. Some dishes and windows broken; a 
few instances of cracked plaster; unstable objects overturned. Disturbances of 
trees, poles may be noticed. Pendulum clocks may stop. 

3.5 – 9.2 g 

VI Felt by all, many frightened and run outdoors. Some heavy furniture moved; and 
fallen plaster or damaged chimneys. Damage slight. 

9.2 – 18 g 

VII Everybody runs outdoors. Damage negligible in buildings of good design and 
construction; slight to moderate in well-built ordinary structures; considerable in 
poorly built or badly designed structures; some chimneys broken. Noticed by 
persons driving motor cars. 

18 – 34 g 

VIII Damage slight in specially designed structures; considerable in ordinary substantial 
buildings, with partial collapse; great in poorly built structures. Panel walls thrown 
out of frame structures. Fall of chimneys, factory stacks, columns, monuments, 
walls. Heavy furniture overturned. Sand and mud ejected in small amounts. 
Changes in well water. Persons driving motor cars disturbed. 

34 – 65 g 

IX Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with partial collapse. 
Buildings shifted off foundations. Ground cracked conspicuously. Underground 
pipes broken. 

65 – 124 g 

X Some well-built wooden structures destroyed; most masonry and frame structures 
destroyed with foundations; ground badly cracked. Rails bent. Landslides 
considerable from riverbanks and steep slopes. Shifted sand and mud. Water 
splashed (slopped) over banks. 

> 124 g 

XI Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad 
fissures in ground. Underground pipelines completely out of service. Earth slumps 
and land slips in soft ground. Rails bent greatly. 

> 1.24 g 

XII Damage total. Practically all works of construction are damaged greatly or 
destroyed. Waves seen on ground surface. Lines of sight and level are distorted. 
Objects are thrown upward into the air. 

> 1.24 g 

NOTES: 

a g (gravity) = 980 centimeters per second squared. 1.0 g of acceleration is a rate of increase in speed equivalent to a car traveling 
328 feet from rest in 4.5 seconds. 

SOURCE: ABAG, 2003; Worden et al., 2017.  
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TABLE 4.5-2 
ACTIVE FAULTS IN THE PROJECT SITE VICINITY 

Fault 

Distance and 
Direction from 
Project 

Recency of 
Movement 

Fault 
Classificationa 

Historical 
Seismicityb 

Maximum 
Moment 

Magnitude 
Earthquake 

(Mw)c 

Concord–Green 
Valley 

1 miles East Historic (1955)  Active Historic active creep 6.7 

Marsh Creek–
Greenville 

10 miles 
Southeast 

Historic (1980 
rupture)  

Active M 5.6 1980 6.9 

Hayward 11 miles West Historic (1868 
rupture)  

Active M 6.8, 1868 
Many <M 4.5 

7.1 

Calaveras 18 miles South Historic (1861 
1911, 1984)  

Active M 5.6–M 6.4, 1861 
M 6.2, 1911, 1984 

6.8 

Rodgers Creek 20 miles North Historic  Active M 6.7, 1898 
M 5.6, 5.7, 1969 

7.0 

San Andreas 30 miles 
Southwest 

Historic (1906; 
1989 ruptures)  

Active M 7.1, 1989  
M 8.25, 1906  
M 7.0, 1838  
Many <M 6 

7.9 

NOTES: 

a See footnote 2. 
b Richter magnitude (M) and year for recent and/or large events. The Richter magnitude scale reflects the maximum amplitude of a 

particular type of seismic wave. 
c Moment Magnitude (Mw) is related to the physical size of a fault rupture and movement across a fault. Moment magnitude provides 

a physically meaningful measure of the size of a faulting event (CGS, 2002). The Maximum Moment Magnitude Earthquake, derived 
from the joint CGS/USGS Probabilistic Seismic Hazard Assessment for the State of California, 1996 (Peterson, 1996). 

SOURCES: Hart, 1997; Jennings and Bryant, 2010; Peterson, 1996; USGS, 2003a. 

 

The Northern San Andres Fault has a 22 percent likelihood of one of more magnitude 6.7 or 
greater quakes by 2043 (USGS, 2016). 

Hayward Fault  

The Hayward Fault Zone is the southern extension of a fracture zone that includes the Rodgers 
Creek Fault (north of San Pablo Bay), the Healdsburg fault (Sonoma County) and the Maacama 
fault (Mendocino County). The Hayward fault trends to the northwest within the East Bay, 
extending from San Pablo Bay in Richmond, 60 miles south to San Jose. The Hayward fault in 
San Jose converges with the Calaveras fault, a similar type fault that extends north to Suisun Bay. 
The Hayward fault is designated by the Alquist-Priolo Earthquake Fault Zoning Act as an active 
fault. 

Historically, the Hayward fault generated one sizable earthquake in the 1800s.7 In 1868, a Richter 
magnitude 7 earthquake on the southern segment of the Hayward Fault ruptured the ground for a 
distance of about 30 miles. Recent analysis of geodetic data indicates surface deformation may 

 
7 Prior to the early 1990s, it was thought that a Richter magnitude 7 earthquake occurred on the northern section of 

the Hayward Fault in 1836. However, a study of historical documents by the California Geological Survey 
concluded that the 1836 earthquake was not on the Hayward Fault (Bryant, 2000). 
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have extended as far north as Berkeley. Lateral ground surface displacement during these events 
was at least 3 feet. 

A characteristic feature of the Hayward fault is its well-expressed and relatively consistent fault 
creep. Although large earthquakes on the Hayward fault have been rare since 1868, slow fault 
creep has continued to occur and has caused measurable offset. Fault creep on the East Bay 
segment of the Hayward fault is estimated at 9 millimeters per year (mm/yr) (Peterson, et al., 
1996). However, a large earthquake could occur on the Hayward fault with an estimated moment 
magnitude (Mw) of about 7.1 (see Table 4.5-2). The USGS Working Group on California 
Earthquake Probabilities includes the Hayward–Rodgers Creek Fault Systems in the list of those 
faults that have the highest probability of generating earthquakes of magnitude (M) 6.7 or greater 
in the Bay Area (USGS, 2003b). The Hayward-Rodgers Creek Fault has a 33 percent probability 
of one of more magnitude 6.7 or greater quakes by 2043 (USGS, 2016). 

Calaveras Fault 

The Calaveras fault is a major right-lateral strike-slip fault that has been active during the last 
11,000 years. The Calaveras Fault is located in the eastern San Francisco Bay region and 
generally trends along the eastern side of the East Bay Hills, west of San Ramon Valley and 
extends into the western Diablo Range and eventually joins the San Andreas Fault Zone south of 
Hollister. The northern extent of the fault zone is somewhat conjectural and could be linked with 
the Concord Fault. 

The fault separates rocks of different ages, with older rocks west of the fault and younger 
sedimentary rocks to the east. The location of the main, active fault trace is defined by youthful 
geomorphic features (linear scarps and troughs, right-laterally deflected drainage, sag ponds) and 
local groundwater barriers. The Calaveras fault is designated as an Alquist-Priolo Earthquake 
Hazard Zone (see discussion on this zone designation below). There is a distinct change in slip 
rate and fault behavior north and south of the vicinity of Calaveras Reservoir. North of Calaveras 
Reservoir, the fault is characterized by a relatively low slip rate of 5-6 mm/yr and sparse 
seismicity. South of Calaveras Reservoir, the fault zone is characterized by a higher rate of 
surface fault creep that has been evidenced in historic times. The Calaveras Fault has been the 
source of numerous moderate magnitude earthquakes and the probability of a large earthquake 
(greater than M6.7) is much lower than on the San Andreas or Hayward Faults (USGS, 2003b). 
However, this fault is considered capable of generating earthquakes with upper bound magnitudes 
ranging from Mw 6.6 to Mw 6.8. The Calaveras Fault has a 26 percent probability of one of more 
magnitude 6.7 or greater quakes by 2043 (USGS, 2016). 

Concord-Green Valley Fault  

The Concord-Green Valley Fault extends from Walnut Creek north to Wooden Valley (east of 
Napa Valley). Historical record indicates that no large earthquakes have occurred on the Concord 
or Green Valley Faults (USGS, 2003a). However, a moderate earthquake of magnitude M5.4 
occurred on the Concord Fault segment in 1955. The Concord and Green Valley Faults exhibit 
active fault creep and are considered to have a small (4 percent) probability of causing a 
significant (greater than M6.7 earthquake according to the USGS). The Concord-Green Valley 
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Fault has a 16 percent probability of one of more magnitude 6.7 or greater quakes by 2043 
(USGS, 2016). 

Rodgers Creek Fault 

The Rodgers Creek Fault Zone (RCFZ) is the southern segment of a fracture zone that includes 
the Rodgers Creek fault (north of San Pablo Bay) and the Healdsburg fault (northern Sonoma 
County). The most recent significant earthquakes on the RCFZ both occurred on October 1, 1969. 
On this date, two earthquakes of Richter magnitude 5.6 and 5.7 occurred within an 83-minute 
period. Buildings in Santa Rosa sustained serious damage during these quakes. Prior to these 
events, the last major earthquake (estimated Richter magnitude 6.7) was generated in 1898 with 
an epicenter near Mare Island at the north margin of San Pablo Bay. The USGS estimates the 
probability of a large earthquake (moment magnitude 6.7 or greater) on the Hayward-Rodgers 
Creek Fault during the period 2003 to 2032 to be 27 percent, the highest probability for all San 
Francisco Bay fault zones (USGS, 2003b). CGS and ABAG estimate the RCFZ is capable of 
generating a maximum moment magnitude 7.0 earthquake. The Hayward-Rodgers Creek Fault has 
a 33 percent probability of one of more magnitude 6.7 or greater quakes by 2043 (USGS, 2016). 

Greenville Fault  

The Greenville Fault, also known as the Marsh Creek-Greenville fault, extends along the base of 
the Altamont Hills, which form the eastern margin of the Livermore Valley. The fault is 
recognized as a major structural feature and has demonstrated activity in the last 11,000 years. 
A magnitude 5.6 earthquake on the Greenville fault in 1980 produced a small amount of surface 
rupture (approximately 3 centimeters) on the fault near Vasco Road. The Greenville Fault has a 
16 percent probability of one of more magnitude 6.7 or greater quakes by 2043 (USGS, 2016). 

Seismic Hazards 

Surface Fault Rupture 

Seismically induced ground rupture is defined as the physical displacement of surface deposits in 
response to an earthquake’s seismic waves. The magnitude, sense and nature of fault rupture can 
vary for different faults or even along different strands of the same fault. Ground rupture is 
considered more likely along active faults, which are referenced in Table 4.5-1.  

The site is not within an Alquist-Priolo Fault Rupture Hazard Zone, as designated through the 
Alquist-Priolo Earthquake Fault Zoning Act and no mapped active faults are known to pass 
through the immediate Project region. Therefore, the risk of ground rupture at the site is very low. 

Ground Shaking 

Strong ground shaking from a major earthquake could affect the Project site during the next 
30 years. Earthquakes on the active faults (listed in Table 4.5-1) are expected to produce a range 
of ground shaking intensities at the Project site. Ground shaking may affect areas hundreds of 
miles distant from the earthquake’s epicenter. Historic earthquakes have caused strong ground 
shaking and damage in the San Francisco Bay Area, the most recent being the M 6.9 Loma Prieta 
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earthquake in October 1989. The epicenter was more than 60 miles south of the Project site, but 
this earthquake nevertheless caused strong ground shaking for about 20 seconds and resulted in 
varying degrees of structural damage throughout the Bay Area.  

The 1906 San Francisco earthquake, with an estimated moment magnitude of 7.9, produced 
moderate (VI) shaking intensities in the Project area (USGS, 2017a). The 1989 Loma Prieta 
earthquake, with an Mw of 6.9, produced light (V) shaking intensities in the Project area (USGS, 
2017b). 

The common way to describe ground motion during an earthquake is with the motion parameters 
of acceleration and velocity in addition to the duration of the shaking. A common measure of 
ground motion is the peak ground acceleration (PGA). The PGA for a given component of motion 
is the largest value of horizontal acceleration obtained from a seismograph. PGA is expressed as 
the percentage of the acceleration due to gravity (g), which is approximately 980 centimeters per 
second squared. In terms of automobile accelerations, one “g” of acceleration is a rate of increase 
in speed equivalent to a car traveling 328 feet from rest in 4.5 seconds. For comparison purposes, 
the maximum peak acceleration value recorded during the Loma Prieta earthquake was in the 
vicinity of the epicenter, near Santa Cruz, at 0.64 g. The highest value measured in the East Bay 
was 0.29 g, recorded at the Oakland Wharf near the Naval Supply Center where the soils are 
artificial fill overlying Bay Mud. The lowest values recorded were 0.06 g in the bedrock on Yerba 
Buena Island. However, an earthquake on the nearby Concord-Green Valley fault, for example, 
could produce more severe ground shaking at the site than was observed during the Loma Prieta 
earthquake. Probabilistic seismic hazard maps indicate that peak ground acceleration in the 
Project region could reach or exceed 0.5g (CGS, 2008).8 The potential hazards related to ground 
shaking are discussed further in the Impacts and Mitigations section of this chapter. 

Liquefaction 

Liquefaction is a transformation of soil from a solid to a liquefied state during which saturated 
soil temporarily loses strength resulting from the buildup of excess pore water pressure, 
especially during earthquake-induced cyclic loading. Soil susceptible to liquefaction includes 
loose to medium dense sand and gravel, low-plasticity silt and some low-plasticity clay deposits. 
Four kinds of ground failure commonly result from liquefaction: lateral spread, flow failure, 
ground oscillation and loss of bearing strength. Liquefaction and associated failures could 
damage foundations, roads, underground cables and pipelines and disrupt utility service. 

In addition, liquefaction can occur in unconsolidated or artificial fill sediments and other 
reclaimed areas along the margin of San Francisco Bay. The depth to groundwater influences the 
potential for liquefaction, in that sediments need to be saturated to have a potential for 
liquefaction.  

 
8 Ground Motion values were interpolated from a grid (0.05-degree spacing) of values calculated using the 2008 

Probablistic Seismic Hazard Assessment model. 
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Hazard maps produced by the ABAG depict liquefaction and lateral spreading hazards for the 
entire Bay Area in the event of a significant seismic event.9 According to these maps, the upland 
portion of the Project site is in an area expected to have a very low potential to experience 
liquefaction for the majority of the Project site. However, the portion of the site where Bay Mud 
has been mapped, in the low lying areas of the southeastern portion of the site, has been mapped 
by ABAG as having a high liquefaction potential (ABAG, 2017a). According to the geotechnical 
investigation prepared for the Project site, the clay content observed in the soil samples taken 
from this area indicate a low potential for liquefaction within the portion of the site proposed for 
residential development (Engeo, 2003). 

Earthquake-Induced Settlement 

Settlement of the ground surface can be accelerated and accentuated by earthquakes. During an 
earthquake, settlement can occur as a result of the relatively rapid compaction and settling of 
subsurface materials (particularly loose, uncompacted and variable sandy sediments above the 
water table) due to the rearrangement of soil particles during prolonged ground shaking. 
Settlement can occur both uniformly and differentially (i.e., where adjoining areas settle at 
different amounts). Undocumented artificial fill would be the most susceptible to this type of 
settlement, if it were present. However, the Project would include significant earthwork and 
create engineered fill (up to 59 feet thick) for all areas that would meet or exceed standards 
intended to prevent significant earthquake-induced settlement.  

Geologic Hazards 

Expansive Soils 

Expansive soils possess a “shrink-swell” behavior. Shrink-swell is the cyclic change in volume 
(expansion and contraction) that occurs in fine-grained clay sediments from the process of 
wetting and drying. Structural damage may occur over a long period of time, usually the result of 
inadequate soil and foundation engineering or the placement of structures directly on expansive 
soils. The clayey soils found on the Project site were found to have a moderate to high expansion 
potential (Engeo, 2003). The hazard can be minimized through appropriate grading and 
foundation design measures consistent with standard geotechnical engineering practices.  

Soil Erosion 

Erosion is the wearing away of soil and rock by processes such as mechanical or chemical 
weathering, mass wasting and the action of waves, wind and underground water. Excessive soil 
erosion can eventually lead to damage of building foundations and roadways. At the Project site, 
areas that are most susceptible to erosion are any disturbed soils located on steeper terrain. 
Typically, the soil erosion potential is reduced once the soil is graded and vegetated, covered with 
concrete, structures, asphalt, or slope protection. Soil erosion is a potential issue at the site and is 
discussed in the Impacts and Mitigations section below. 

 
9  Lateral spreading is a ground failure associated with liquefaction and generally results from predominantly 

horizontal displacement of materials toward relatively unsupported free slope faces. 
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Settlement 

Settlement can occur from immediate settlement, consolidation, shrinkage of expansive soil and 
liquefaction (discussed below). Immediate settlement occurs when a load from a structure or 
placement of new fill material is applied, causing distortion in the underlying materials. This 
settlement occurs quickly and is typically complete after placement of the final load. 
Consolidation settlement occurs in saturated clay from the volume change caused by squeezing 
out water from the pore spaces. Consolidation occurs over a period of time and is followed by 
secondary compression, which is a continued change in void ratio under the continued application 
of the load. 

Soils tend to settle at different rates and by varying amounts depending on the load weight or 
changes in properties over an area, which is referred to as differential settlement. Some of the low 
lying areas of the Project site are underlain by compressible Bay Mud. When placed under new 
loads from either structures or placement of new fill, Bay Muds can settle in the short term, 
referred to as primary settlement, or over a long duration, referred to as secondary settlement. 
However, geotechnical engineering methods can effectively reduce the damaging effects of 
settlement either through surcharging the soils (placing temporary fills on the Bay Mud prior to 
development), drainage design, or use of deep foundation systems.  

Landslides and Slope Failure 

Ground failure is dependent on the slope and geology as well as the amount of rainfall, 
excavation, or seismic activities. A slope failure is a mass of rock, soil and debris displaced down 
slope by sliding, flowing, or falling. Steep slopes and downslope creep of surface materials 
characterize landslide-susceptible areas. Debris flows consist of a loose mass of rocks and other 
granular material that, if present on a steep slope and saturated, can move down slope.  

The rate of rock and soil movements can vary from a slow creep over many years to sudden mass 
movements. Landslides occur throughout the state of California but the density of incidents 
increases in zones of active faulting. As reported in the geotechnical investigation, a previously 
mapped landslide from a 1975 study was shown on the northeast-facing slope of the Project site 
was evaluated as part of the investigation. This study was based on geologic interpretation and 
aerial photography from the 1960s and used to primarily identify areas where slope failure may 
be a potential hazard (DMA, 2006a). Following exploratory test pits and borings, the geotechnical 
investigation found no evidence supporting the existence of this landslide (Engeo, 2003). 

Paleontology Resources 

Paleontological resources are the fossilized remains or impressions of plants and animals, 
including vertebrates (animals with backbones; mammals, birds, fish, etc.), invertebrates (animals 
without backbones; starfish, clams, coral, etc.), and microscopic plants and animals 
(microfossils). They are valuable, non-renewable, scientific resources used to document the 
existence of extinct life forms and to reconstruct the environments in which they lived. Fossils 
can be used to determine the relative ages of the depositional layers in which they occur and of 
the geologic events that created those deposits. The age, abundance, and distribution of fossils 



4. Environmental Setting, Impacts and Mitigation Measures 
4.5 Geology and Soils 

Bayview Estates Residential Project 4.5-14 ESA / 208078 
Draft Environmental Impact Report May 2021 

depend on the geologic formation in which they occur and the topography of the area in which 
they are exposed. The geologic environments within which the plants or animals became 
fossilized usually were quite different from the present environments in which the geologic 
formations now exist. 

The Society of Vertebrate Paleontology (SVP) established guidelines for the identification, 
assessment, and mitigation of adverse impacts on nonrenewable paleontological resources (SVP, 
2010). Most practicing paleontologists in the United States adhere closely to the SVP’s 
assessment, mitigation, and monitoring requirements as outlined in these guidelines, which were 
approved through a consensus of professional paleontologists. Many federal, state, county, and 
city agencies have either formally or informally adopted the SVP’s standard guidelines for the 
mitigation of adverse construction-related impacts on paleontological resources. The SVP has 
helped define the value of paleontological resources and, in particular, indicates that geologic 
units of high paleontological potential are those from which vertebrate or significant invertebrate 
or plant fossils have been recovered in the past (i.e., are represented in institutional collections). 
Geologic units of low paleontological potential are those that are not known to have produced a 
substantial body of significant paleontological material. As such, the sensitivity of an area with 
respect to paleontological resources hinges on its geologic setting and whether significant fossils 
have been discovered in the area or in similar geologic units (SVP, 2010). 

The online collections database of the University of California Museum of Paleontology (UCMP) 
was searched for fossil localities within the geologic units mapped as occurring in the Project site 
(i.e., Great Valley Sequence and Vine Hill Sandstone). Data provided through the UCMP’s online 
database includes taxonomic identification, locality number and name, age, and county, and 
sometimes geologic formation. Precise locality data is not always provided; however, in some 
cases the locality name can be used to further refine the general vicinity of the locality within the 
county. While the Great Valley Sequence is not specifically named in the UCMP database for 
Contra Costa County fossil localities, the Chico and Panoche formations are. The Chico and 
Panoche formations, while not in Contra Costa County, are members of the Great Valley 
Sequence. There are three vertebrate fossil localities listed in the database from the Chico 
Formation (bony and cartilaginous fish, and cetaceans), one locality from the Panoche Formation 
(reptile), and one locality from an unnamed formation (cartilaginous fish) of the same age 
(UCMP, 2020a). The database does not include any vertebrate fossil localities from the Vine Hill 
Sandstone, however, there are approximately 60 microfossil (foraminifera) and invertebrate fossil 
(mostly gastropods and bivalves) localities identified in Contra Costa County (UCMP, 2020b). 

4.5.3  Regulatory Setting 

Federal Regulations 

Earthquake Hazards Reduction Act 

The Earthquake Hazards Reduction Act was enacted in 1997 to “reduce the risks to life and 
property from future earthquakes in the United States through the establishment and maintenance 
of an effective earthquake hazards and reduction program.” To accomplish this, the Act 
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established the National Earthquake Hazards Reduction Program (NEHRP). Congress has 
periodically reviewed and reauthorized NEHRP (1980, 1981, 1983, 1984, 1985, 1988, 1990, 
1994, 1997, 2000, and 2004). 

NEHRP’s mission includes improved understanding, characterization, and prediction of hazards 
and vulnerabilities; improvement of building codes and land use practices; risk reduction through 
post-earthquake investigations and education; development and improvement of design and 
construction techniques; improvement of mitigation capacity; and accelerated application of 
research results. The NEHRP designates the Federal Emergency Management Agency (FEMA) 
as the lead agency of the program and assigns it with several planning, coordinating, and 
reporting responsibilities. Programs under NEHRP help inform and guide planning and building 
code requirements such as emergency evacuation responsibilities and seismic code standards. 

Occupational Safety and Health Administration Regulations 

Excavation and trenching are among the most hazardous construction activities. The 
Occupational Safety and Health Administration’s (OSHA) Excavation and Trenching standard, 
Title 29 of the Code of Federal Regulations (CFR), Part 1926.650, covers requirements for 
excavation and trenching operations. OSHA requires that all excavations in which employees 
could potentially be exposed to cave-ins be protected by sloping or benching the sides of the 
excavation, supporting the sides of the excavation, or placing a shield between the side of the 
excavation and the work area. 

Paleontological Resources 

A variety of federal statutes specifically address paleontological resources. They are generally 
applicable to a project if that project includes federally owned or federally managed lands or 
involves a federal agency license, permit, approval, or funding. The first of these is the 
Antiquities Act of 1906 (54 U.S.C. 320301–320303 and 18 U.S.C. 1866(b)), which calls for 
protection of historic landmarks, historic and prehistoric structures, as well as other objects of 
historic or scientific interest on federally administered lands, the latter of which would include 
fossils. The Antiquities Act both establishes a permit system for the disturbance of any object of 
antiquity on federal land and also sets criminal sanctions for violation of these requirements. The 
Antiquities Act was extended to specifically apply to paleontological resources by the Federal-
Aid Highways Act of 1958. More recent federal statutes that address the preservation of 
paleontological resources include the National Environmental Policy Act, which requires the 
consideration of important natural aspects of national heritage when assessing the environmental 
impacts of a project (P.L. 91-190, 31 Stat. 852, 42 U.S.C. 4321–4327). The Federal Land Policy 
Management Act of 1976 (P.L. 94-579; 90 Stat. 2743, U.S.C. 1701–1782) requires that public 
lands be managed in a manner that will protect the quality of their scientific values, while Title 40 
Code of Federal Regulations Section 1508.2 identifies paleontological resources as a subset of 
scientific resources. The Paleontological Resources Preservation Act (Title VI, Subtitle D of the 
Omnibus Land Management Act of 2009) is the primary piece of federal legislation. 
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Paleontological Resources Preservation Act 

The Paleontological Resources Preservation Act offers provisions of paleontological resources 
identified on federal, Native American, or state lands and guidance for their management and 
protection, and promotes public awareness and scientific education regarding vertebrate fossils. 
The law also requires federal agencies to develop plans for inventory, collection, and monitoring 
of paleontological resources and establishes stronger criminal and civil penalties for the removal 
of scientifically significant fossils on federal lands. 

State Regulations 

Alquist-Priolo Earthquake Fault Zoning Act 

The Alquist-Priolo Earthquake Fault Zoning Act was signed into state law in 1972. Its primary 
purpose is to mitigate the hazard of fault rupture by prohibiting the location of structures for 
human occupancy across the trace of an active fault. The Act requires the State Geologist to 
delineate “Earthquake Fault Zones” along faults that are “sufficiently active” and “well defined.” 
The Act also requires that cities and counties withhold development permits for sites within an 
Earthquake Fault Zone until geologic investigations demonstrate that the sites are not threatened 
by surface displacement from future faulting. Pursuant to this Act, structures for human 
occupancy are not allowed within 50 feet of the trace of an active fault. Therefore, if a project site 
is located in an Earthquake Fault Zone, the County must withhold development permits for sites 
within the fault zones until geologic investigations demonstrate that the sites are not threatened by 
surface displacement from future faulting. 

California Building Code 

The California Building Code (CBC) has been codified in the California Code of Regulations 
(CCR) as Title 24, Part 2. Title 24 is administered by the California Building Standards 
Commission, which by law, is responsible for coordinating all building standards. Under State 
law, all building standards must be centralized in Title 24 or they are not enforceable. The 
purpose of the CBC is to establish minimum standards to safeguard the public health, safety, and 
general welfare through structural strength, means of egress facilities, and general stability by 
regulating and controlling the design, construction, quality of materials, use and occupancy, 
location, and maintenance of all building and structures within its jurisdiction. The 2019 CBC is 
based on the 2018 International Building Code (IBC) published by the International Code 
Conference. In addition, the CBC contains necessary California amendments, which are based on 
reference standards obtained from various technical committees and organizations such as the 
American Society of Civil Engineers (ASCE), the American Institute of Steel Construction 
(AISC), and the American Concrete Institute (ACI). ASCE Minimum Design Standards 7-16 
provides requirements for general structural design and includes means for determining 
earthquake loads as well as other loads (e.g., flood, snow, wind, etc.) for inclusion into building 
codes. The provisions of the CBC apply to the construction, alteration, movement, replacement, 
and demolition of every building or structure or any appurtenances connected or attached to such 
buildings or structures throughout California. 
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The earthquake design requirements take into account the occupancy category of the structure, 
site class, soil classifications, and various seismic coefficients, which are used to determine a 
Seismic Design Category (SDC) for a project as described in Chapter 16 of the CBC. The SDC is 
a classification system that combines the occupancy categories with the level of expected ground 
motions at the site and ranges from SDC A (very small seismic vulnerability) to SDC E (very 
high seismic vulnerability and near a major fault). Design specifications are then determined 
according to the SDC in accordance with Chapter 16 of the CBC. Chapter 16, Section 1613 
provides earthquake loading specifications for every structure, and portion thereof, including 
nonstructural components that are permanently attached to structures and their supports and 
attachments, which shall be designed and constructed to resist the effects of earthquake motions 
in accordance with ASCE 7-16.  

Chapter 18 of the CBC covers the requirements of geotechnical investigations (Section 1803), 
excavation, grading, and fills (Section 1804), load-bearing of soils (1805), as well as foundations 
(Section 1808), shallow foundations (Section 1809), and deep foundations (Section 1810). 
Chapter 18 also describes analysis of expansive soils and the determination of the depth to 
groundwater table. For Seismic Design Categories D, E, and F, Chapter 18 requires analysis of 
slope instability, liquefaction, and surface rupture attributable to faulting or lateral spreading, plus 
an evaluation of lateral pressures on basement and retaining walls, liquefaction and soil strength 
loss, and lateral movement or reduction in foundation soil-bearing capacity. It also addresses 
mitigation measures to be considered in structural design, which may include ground stabilization, 
selecting appropriate foundation type and depths, selecting appropriate structural systems to 
accommodate anticipated displacements, or any combination of these measures. The potential for 
liquefaction and soil strength loss must be evaluated for site-specific peak ground acceleration 
magnitudes and source characteristics consistent with the design earthquake ground motions. 

Seismic Hazards Mapping Act 

The Seismic Hazard Mapping Act was adopted by the California Legislature in 1990 to reduce 
public health and safety treats and to minimize property damage caused by earthquakes. The act 
directs the CGS to identify and map areas prone to earthquake hazards, such as liquefaction, 
earthquake induced landslides, and ground shaking. The act requires site-specific geotechnical 
investigations to identify potential seismic hazards and formulate mitigation measures prior to 
permitting most developments designed for human occupancy within Zones of Required 
Investigation. 

A geotechnical investigation completed for the Project site and assessed the site conditions based on 
collecting subsurface soil samples and concluded that the Project is feasible from a geotechnical 
standpoint, provided that recommendations made in the report are included into the design (Engeo, 
2003). The geotechnical review of the proposed preliminary grading plans was conducted 
separately and contained supplemental recommendations to be implemented during construction 
(Engeo, 2006). Both of these documents were peer reviewed by an independent engineering 
geologist on behalf of the County, as further described in Impact GEO-1 (DMA 2006a, -2006b, and 
-2020a). 
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Public Resources Code Section 5097.5 and Section 30244 

Other state requirements for paleontological resource management are included in Public 
Resources Code (PRC) Section 5097.5 and Section 30244. These statutes prohibit the removal of 
any paleontological site or feature from public lands without permission of the jurisdictional 
agency, define the removal of paleontological sites or features as a misdemeanor, and require 
reasonable mitigation of adverse impacts to paleontological resources from developments on 
public (state, county, city, district) lands. 

Local Plans and Policies 

Contra Costa County Code – Title 7 Building Code 

Division 716 of the Contra Costa County Code provides the County Grading Ordinance which 
sets forth regulations for the control of excavating, grading, earthwork construction, including 
fills or embankments and related work. The following requirements are found within 
Chapter 716-8 of the Code: 

• Cuts shall not be steeper in slope than one vertical to two horizontal unless the applicant 
furnishes a soil engineering or an engineering geology report, or both, certifying that the site 
has been investigated and giving an opinion that a cut at a steeper slope will be stable and not 
create a hazard to public or private property. The county building official may require the 
excavation to be made with a cut face flatter in slope than one vertical to two horizontal if he 
finds it necessary for stability and safety. 

• Cut slopes exceeding forty feet in vertical height shall have drainage terraces not less than 
five feet (1.524 meters) in width, measured from the outer edge of the terrace to the invert of 
the drain, at vertical intervals not exceeding thirty feet (9.144 meters) except that where only 
one such terrace is required it shall be located at mid-height. For cut slopes exceeding one 
hundred feet (30.48 meters) in vertical height, the drainage terrace near mid-height shall be 
not less than twelve feet (3.657 meters) in width. Design and construction of drainage 
terraces shall conform to the requirements of Sections 716-8.602 -- 716-8.614. 

• Cut slopes shall be rounded off at the top and toe to blend and conform to existing terrain.  

• Variations from the regulations in Sections 716-8.202 -- 716-8.206 may be allowed by the 
county building official if they will provide equivalent safety, stability, and protection against 
erosion, as recommended by a soil engineer or engineering geologist. 

• Where fill is to be placed above the top of an existing or proposed cut or natural slope steeper 
than one vertical to three horizontal, the toe of the fill shall be set back from the top edge of 
the slope a minimum distance of six feet, (1.829 meters) measured horizontally or such other 
distance as may be specifically recommended by a soil engineer or engineering geologist and 
approved by the county building official. Fills shall not toe out on slopes steeper than one 
vertical to three horizontal. 

• Fill slopes shall be tapered into the existing terrain at the toe and shall be rounded off at the 
top. 
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• Variations from the regulations in Sections 716-8.402 -- 716-8.422 may be allowed by the 
county building official if they will provide equivalent safety, stability, and protection against 
erosion, as recommended by a soil engineer or engineering geologist. 

Contra Costa County General Plan 

The Conservation Element and Safety Element of the Contra Costa County General Plan 
(“General Plan") categorizes County areas by susceptibility to seismic damage. (General Plan 
Figure 10-4). The Project Site includes Susceptibility Zones I and IV.   

Contra Costa County has also established goals, policies, and programs in regards to geologic 
hazards, which are outlined in the Conservation Element and Safety Element of the General Plan. 
Policies especially relevant to seismic hazards liquefaction hazards, slope stability and erosion 
control applicable to the proposed Project are as follows: 

Seismic Hazard Policies 

• Policy 10-3: Because the region is seismically active, structures for human occupancy shall 
be designed to perform satisfactorily under earthquake conditions. 

• Policy 10-6: Structures for human occupancy, and structures and facilities whose loss would 
substantially affect the public safety or the provision of needed services shall not be erected 
in areas where there is a high risk of severe damage in the event of an earthquake. 

• Policy 10-8: Ground conditions shall be a primary consideration in the selection of land use 
and in the design of development projects. 

• Policy 10-9: In areas susceptible to high damage from ground shaking (i.e., Zone IV on Map 
10-4), geologic-seismic and soils studies shall be required prior to the authorization of major 
lands developments and significant structures (public or private).  

• Policy 10-10: Policies regarding liquefaction shall apply to other ground failures which might 
result from groundshaking but which are not subject to such well-defined field and laboratory 
analysis. 

Liquefaction Policies 

• Policy 10-18: This General Plan shall discourage urban or suburban development in areas 
susceptible to high liquefaction dangers and where appropriate subject to the policies in 10-20 
below, unless satisfactory mitigation measures can be provided, while recognizing that there 
are low intensity uses such as water related recreation and agricultural uses that are 
appropriate in such areas.  

• Policy 10-20: Any structures permitted in areas of high liquefaction danger shall be sited, 
designed and constructed to minimize the dangers from damage due to earthquake-induced 
liquefaction. 

• Policy 10-21: Approvals to allow the construction of public and private development projects 
in areas of high liquefaction potential shall be contingent on geologic and engineering studies 
which define and delineate potentially hazardous geologic and/or soils conditions, 
recommend means of mitigating these adverse conditions; and on proper implementation of 
the mitigation measures. 
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Ground Failure and Landslide Hazard Policies 

• Policy 10-22: Slope stability shall be a primary consideration in the ability of land to be 
developed or designated for urban uses. 

• Policy 10-23: Slope stability shall be given careful scrutiny in the design of 
developments and structures and in the adoption of conditions of approval and required 
mitigation measures. 

• Policy 10-24: Proposed extensions of urban or suburban land uses into areas 
characterized by slopes over 15 percent and/or generally unstable land shall be 
evaluated with regard to the safety hazard prior to the issuance of any discretionary 
approvals. Development on very steep open hillsides and significant ridgelines 
throughout the County shall be restricted and hillsides with a grade of 26 percent or 
greater shall be protected through implementing zoning measures and other appropriate 
actions. 

• Policy 10-26: Approvals of public and private development projects in areas subject to 
slope failures shall be contingent on geologic and engineering studies which define and 
delineate potentially hazardous conditions and recommend adequate mitigation. 

• Policy 10-27: Soil and geological reports shall be subject to the review and approval of 
the County Planning Geologist. 

• Policy 10-28: Generally, residential density shall decrease as slope increases, especially 
above a 15 percent slope. 

• Policy 10-29: Significant very steep hillsides shall be considered unsuitable for types of 
development which require extensive grading or other land disturbance. 

• Policy 10-30: Development shall be precluded in areas when landslides cannot be 
adequately repaired. 

• Policy 10-31: Subdivisions approved on hillsides which include individual lots to be 
resold at a later time shall be large enough to provide flexibility in finding a stable 
buildable site and driveway location. 

• Policy 10-32: The County shall not accept dedication of public roads in unstable 
hillside areas, or allow construction of private roads there which would require an 
excessive degree of maintenance and repair costs. 

4.5.4  Significance Criteria  
Consistent with Appendix G of the CEQA Guidelines, the Project would have a significant effect 
on geology or soils if it would:  

a) Directly or indirectly cause potential substantial adverse effects, including the risk of loss, 
injury, or death involving: 
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i. Rupture of a known earthquake fault, as delineated on the most recent Alquist-Priolo 
Earthquake Fault Zoning Map10 issued by the State Geologist for the area or based on 
other substantial evidence of a known fault;  

ii. Strong seismic ground shaking; 

iii. Seismic-related ground failure, including liquefaction; or 

iv. Landslides; 

b) Result in substantial soil erosion or the loss of topsoil; 

c) Be located on geologic unit or soil that is unstable, or that would become unstable as a result 
of the Project and potentially result in on- or off-site landslide, lateral spreading, subsidence, 
liquefaction, or collapse; 

d) Be located on expansive soil, as defined in Table 18 1 B of the Uniform Building Code 
(1994), creating substantial direct or indirect risks to life or property; or 

e) Have soils incapable of adequately supporting the use of septic tanks or alternative 
wastewater disposal systems where sewers are not available for the disposal of wastewater. 

f) Directly or indirectly destroy a unique paleontological resource or site or unique geologic 
feature. 

Analysis Methodology 

The following section identifies specific impacts pertaining to geology, soils, and seismicity and 
assesses the change from the existing conditions. The approach to the analysis is based on site-
specific conditions, potential issues of concern, and recommendations in the site-specific 
geotechnical investigations and supplements (Engeo, 2003, 2006, 2019 and 2020) and related 
peer reviews (DMA, 2006a, 2006b, and 2020a) relevant to the potential risk or changes to 
geologic conditions addressed by the significance criteria under CEQA. The analysis also 
considers general conditions established for the Project site and vicinity, as documented in several 
other published sources discussed in the Regulatory Setting in this section (e.g., USGS, CGS, 
NRCS and ABAG).  

Topics with No Impact or Otherwise Not Addressed in this EIR 

The analysis of the Project impacts is based on the significance criteria listed above. Certain 
significance criteria do not apply to the Project or do not represent a significant Project impact 
and therefore are not discussed further in this analysis. The Project site is not located within an 
Alquist Priolo Fault Zone and has a very low potential for fault rupture (Criterion a.i); the 
presence of liquefiable soils was not found on the Project site during the geotechnical 
investigation (Criterion a.iii); and the Project does not include the construction of any septic 
tanks or other alternative wastewater disposal systems (Criterion e). 

 
10  Per CEQA Guidelines, a known earthquake fault is one that has been delineated on the most recent Alquist-Priolo 

Earthquake Fault Zoning Map issued by the State Geologist for the area or based on other substantial evidence of a 
known fault. Refer to Division of Mines and Geology Special Publication 42. 
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Mineral Resources 

The CGS (formerly the California Division of Mines and Geology) has classified lands within the 
San Francisco Bay Region into Mineral Resource Zones (“MRZs”). The classification of MRZs is 
based on guidelines adopted by the California State Mining and Geology Board, as mandated by the 
Surface Mining and Reclamation Act (SMARA) of 1975 (Stinson et al., 1982).11 The project site is 
mapped by the CGS as containing both an MRZ-1 zone, an area where no significant mineral 
deposits are present, and an MRZ-4 zone, an area where available information is inadequate for 
assignment to any other MRZ zone (Stinson et al., 1982). In general, the MRZ-1 zone is limited to 
the low-lying areas covered by colluvium and Bay Mud while the MRZ-4 zone covers the majority 
of Vine Hill. MRZ-2 zones, which are not mapped anywhere near the proposed project site, are 
areas where significant mineral deposits are present. Therefore, there would be no significant 
impacts related to mineral resources and they are not discussed further in this document.  

Environmental Analysis 

As discussed in Section 4.0, Introduction to the Environmental Analysis, of this chapter, CEQA 
requires only the analysis of potential adverse effects of the Project on the environment, however, 
this analysis of geology and soils addresses each of the significance criteria above, including those 
that address potential effects of the environment on the Project. Also, the County’s approach to 
the analysis conservatively identifies certain mitigation measures that are also existing local or 
State regulatory requirements to which the Project is required to comply, regardless of 
environmental effects. 

4.5.5  Impact Analysis 

Slope Stability 

Impact GEO-1: The Project could directly or indirectly cause substantial adverse effects 
involving slope instability hazards, including landslides, debris flows, and rockfalls caused 
by seismic or nonseismic mechanisms. (Criteria a.iv and c) (Potentially Significant prior to 
Mitigation) 

The Project site includes a prominent hill with relatively steep slopes (referred to as Vine Hill), 
composed of bedrock in varying stages of weathering. Bedrock contacts, fractures and shear 
zones provide areas of weakened rock that can become dislodged and then fall or roll towards the 
lower areas. As mentioned above in the Environmental Setting, landslides or slope failures can 
occur slowly over time or as sudden releases of debris. Slope failures occur as a function of slope 
and type of materials and may be triggered by events such as heavy precipitation, human 
activities such as excavation, changes in groundwater levels, or seismic activity. The existing 
slopes on the hill include inclines that are over 25 percent (or 4:1 horizontal: vertical) and 
approach 50 percent (or 2:1 horizontal:vertical).  

 
11  Stinson, et al, California Department of Mines and Geology (CDMG), 1987. Aggregate Materials in the 

San Francisco – Monterey Bay Area Port Chicago Quadrangle, Special Report 146, Part II.  



4. Environmental Setting, Impacts and Mitigation Measures 
4.5 Geology and Soils 

Bayview Estates Residential Project 4.5-23 ESA / 208078 
Draft Environmental Impact Report May 2021 

The preliminary grading plan proposes to reconfigure the existing slopes by creating gentler 
slopes through excavation of materials in the upper regions and filling in the lower regions of the 
site. The majority of the graded slope area will be at 2.5:1 or flatter, compared to the existing 
slope of 2:1 or steeper.  The proposed graded slope will enhance the slope stability of the existing 
hill. As illustrated in Figure 3-4, Proposed Cut and Fill (Grading) Areas Map, in Chapter 3 
(Project Description) of this Draft EIR, areas below the upper portion of Vine Hill and above the 
proposed residential development area would be substantially graded and include cut and fill 
slopes of approximately 215 vertical feet with inclines as steep as 50 percent (or 2:1 
horizontal:vertical). The preliminary grading plan proposes to create slopes that range up to 
approximately 50 percent slope (2:1 horizontal:vertical) in the south east portion of the site 
(Parcel B marsh areas).  

In addition to engineered slopes, the preliminary grading plan calls for construction of retaining 
walls, debris benches with drainage control features and revegetation for the purposes of 
increasing slope stability. The resulting steep slopes in the residential development area would be 
separated by J-ditches (for drainage) extending horizontally along the hillside at approximately 
30-vertical-foot intervals, unless final geotechnical design plans demonstrate the slope can be 
safely graded and maintained without the ditches. Excavation of steep slopes would also take 
place within the residential development area (see Figure 3-2, Preliminary Vesting Tentative Map 
and Grading, in Chapter 3 [Project Description] of this Draft EIR). The steep hillside slope would 
terminate in a 10-foot debris bench uphill from the first tier of residential lots at the bottom of the 
slope (generally west of Drive D and Palms Drive, see Figure 3-2).  

If unstable slopes in weak material remain during and after development, landsliding, rockfalls 
and debris flows could occur over time, potentially exposing people and property to injury and 
damage. The analysis of slope stability for the Project was initially performed by Engeo in its 
geotechnical investigation in 2003. In that report, Engeo recommended that constructed slopes 
that are less than 15 feet high should not exceed 45 percent (or 2:1 horizontal:vertical), and slopes 
that are greater than 15 feet high should not exceed approximately 34 percent slopes (3:1 slopes 
horizontal:vertical (Engeo, 2003). However, Engeo’s investigation noted that slopes greater than 
2:1 were possible if they are reinforced (Engeo, 2003).  

In 2006, Engeo prepared supplemental recommendations and findings that, with incorporation of 
drainage terraces (8 feet wide, spaced at 30 foot intervals with the lowest bench being 20 feet 
wide) and with remedial grading (i.e., slope stabilization techniques, such as geogrid 
reinforcement), the Project’s preliminary grading plan that included slopes greater than 15 feet 
high that exceeded 3:1 would be acceptable (Engeo, 2006).  

Darwin Myers Associates (DMA), the consulting geologist to the County, subsequently peer 
reviewed the 2003 and 2006 Engeo reports for completeness, consistency with General Plan 
policies, and technical adequacy. In general, DMA found the Engeo reports were based on an 
adequate analysis of subsurface conditions that included appropriate laboratory testing and 
engineering analysis. In those peer reviews, DMA found that the majority of slope stability 
hazards with the proposed Project would be reduced by the proposed grading design with 
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implementation of the Engeo recommendations summarized above (DMA 2006a and DMA 
2006b). The preliminary grading plan was subsequently revised to incorporate other 
recommendations from DMA’s 2006 review. Additional changes have since been made in a 2020 
preliminary grading plan, which was also peer reviewed and found to address previous issues 
identified by DMA (DMA 2020a). However, this peer review did also include recommendations 
for improvements to access to Parcel A as well as the maintenance easement to Lot 143 (DMA, 
2020a). 

Summary 

The Project would reduce the potential for debris flows and rockfalls by engineered cut-and-fill 
slopes with additional stabilizing features including use of retaining walls, debris benches and 
drainage controls. The County Grading Ordinance includes maximum slope requirements for cut 
slopes, fill slopes, along with drainage terrace requirements, as noted above in the Local Plans 
and Policies section. In addition, the County Grading Ordinance allows for variations to occur, 
provided the variations are accompanied by recommendations from a professional soils engineer 
or engineering geologist. The recommendations in their respective reports and peer reviews will 
ensure stability of the currently proposed slopes that align with the most conservative 
recommendations. Ultimately, the County building official reviewing the grading permit will 
determine if the final proposed grading plan has met the County Grading Ordinance and 
adequately provides for the safety of future residents and stability of graded slopes. With 
implementation of the mitigation measure below, the potentially significant impact associated 
with the potential for slope stability to create safety hazards for people and structures would be 
reduced to less than significant.  

Mitigation Measure GEO-1: Grading Plans. The Project applicant shall include in the 
Project’s preliminary grading plan the recommendations made in Engeo’s Geotechnical 
Exploration Bay View Subdivision report dated August 15, 2003, the Geotechnical Review 
of Rough Grading Plan and Supplemental Recommendations dated June 27, 2006, and 
supplemental Plan Review and Response to Peer Review Comments Memo dated June 19, 
2019, and Response to CCCFCD Comments Regarding Geotechnical Feasibility Bayview 
dated May 29, 2020, except as superseded by specific geotechnical recommendations 
related to engineering or the physical aspects of Project construction in the Geologic Peer 
Reviews dated August 9, 2006, April 14, 2006 and June 30, 2020 by Darwin Myers 
Associates (DMA) on behalf of the County, to the extent that all recommendations apply to 
the proposed grading plan. These recommendations include oversight of grading operations 
which shall be conducted by a California Certified Engineering Geologist or Registered 
Professional Geotechnical Engineer.  

The final grading plans shall be in accordance with the Contra Costa County Grading 
Ordinance (Title 7 Division 716) and reviewed and approved by the Contra Costa 
Department of Conservation and Development prior to the commencement of Project 
construction. If any slopes or areas of concern are observed to be unstable during grading, 
the California certified engineering geologist or registered professional geotechnical 
engineer shall oversee the removal of the suspected material and reconstruction of the slope 
as a buttress fill slope with engineered slope stabilization features such as geogrid 
reinforcement.  
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Final inspection of excavated slopes and graded slopes shall be completed by a California 
certified engineering geologist or registered professional geotechnical engineer with 
knowledge of the Project conditions. The slope stability considerations for the site shall be 
submitted to and approved of by the Contra Costa Department of Conservation and 
Development prior to the commencement of Project construction. 

Significance after Mitigation: Less than Significant. 

_________________________ 

Seismic Ground Shaking  

Impact GEO-2: The Project could directly or indirectly expose people or structures to 
strong ground shaking from a seismic event on one of the regional active faults, causing 
substantial risk of loss, injury, or death. (Criterion a.ii) (Potentially Significant prior to 
Mitigation) 

The Project site would likely experience at least one major earthquake (Richter magnitude 
(M) 6.7 or higher) within the next 30 years. The intensity of such an event would depend on the 
causative fault and the distance to the epicenter, the moment magnitude and the duration of 
shaking. A characteristic earthquake on the Concord-Green Valley fault with an estimated M 6.7 
could produce very strong (VIII) shaking in the Project area (ABAG, 2017b). Probabilistic 
seismic hazard maps indicate that peak ground acceleration in the Project region could reach or 
exceed 0.5g (CGS, 2008). 12 Based on the MMI scale and equivalent peak ground accelerations, 
an earthquake of this intensity could cause considerable structural damage in poorly designed 
structures and slight damage in well-designed structures, which would be considered a potentially 
significant impact. For comparison purposes, the maximum peak acceleration value recorded 
during the 1989 Loma Prieta earthquake was in the vicinity of the epicenter, near Santa Cruz, at 
0.64 g. The highest value measured in the East Bay was 0.29 g, recorded at the Oakland Wharf 
near the Naval Supply Center where the soils are artificial fill overlying Bay Mud.  

A preliminary geotechnical investigation were completed for the Project site and assessed the site 
conditions based on collecting subsurface soil samples and concluded that the Project is feasible 
from a geotechnical standpoint, provided that recommendations made in the report are included 
into the design (Engeo, 2003). The geotechnical review of the proposed preliminary grading plans 
was conducted separately and contained supplemental recommendations to be implemented 
during construction (Engeo, 2006). Both of these documents were peer reviewed by an 
independent engineering geologist on behalf of the County (as described in Impact GEO-1) and 
largely concurred with the recommendations as they relate to groundshaking from a seismic event 
(DMA 2006a, -2006b, and 2020a). Also these documents address Policy 10-9 of the County 
General Plan requires geologic-seismic and soils studies be required prior to the authorization of 
major lands developments and significant structures for projects in areas susceptible to high 
damage from ground shaking (see Local Plans and Policies in the Regulatory Setting of this 
section). 

 
12 See footnote 8. 
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Predicting seismic events is not possible, nor is providing mitigation that can entirely reduce the 
potential for injury and damage that can occur during a seismic event. However, using accepted 
geotechnical evaluation techniques and appropriate engineering practices, potential injury and 
damage risk can be diminished, thereby exposing fewer people and less property to the effects of 
a major damaging earthquake. With implementation of the mitigation measure below, the 
potentially significant impact associated with the potential ground shaking hazards would be 
reduced to less than significant. 

Mitigation Measure GEO-2: Design-level Geotechnical Compliance. The Project 
applicant shall prepare and submit to the County a site-specific, design level geotechnical 
investigation for the Project. The investigation shall analyze expected ground motions at 
the site from known active faults in accordance with the 2019 California Building Code 
(“Title 24”), which requires that all designs accommodate ground accelerations expected 
from known active faults. The investigation shall review improvement and grading plans 
and update geotechnical design recommendations for proposed walls, foundations, 
foundation slabs and surrounding related improvements (e.g., utilities, roadways, parking 
lots and sidewalks) including maintaining pipeline safety for existing pipelines. The report 
shall be subject to technical review and approval by a California certified engineering 
geologist or registered professional geotechnical engineer.  

All recommendations by the engineering geologist and/or geotechnical engineer shall be 
incorporated into the final design. Recommendations that are applicable to foundation 
design, earthwork, and site preparation that were prepared prior to or during the Project 
design phase, shall be incorporated in the Project, all foundations and other project 
structures must comply with the performance standards set forth in the California Building 
Code. The final seismic considerations for the site shall be submitted to and approved of by 
the Contra Costa Department of Conservation and Development prior to the 
commencement of Project construction.  

Significance after Mitigation: Less than Significant. 

_________________________ 

Differential and Earthquake Induced Settlement 

Impact GEO-3: The Project site would be susceptible to settlement from static forces or 
earthquake induced forces, posing substantial risk of structural damage or personal injury. 
(Criterion c) (Potentially Significant prior to Mitigation) 

The Project site is underlain by bedrock, colluvium, Bay Mud and some artificial fill. The 
preliminary grading plan proposes the excavation and fill placement of substantial volumes of 
material over the entire Project site, the maximum fill depth would be approximately 50 feet, and 
the maximum cut depth would be approximately 105 feet. The excavation of steep slopes would 
also take place within the area of residential development, with residential lots having steep 
sloping rear and side yards.  



4. Environmental Setting, Impacts and Mitigation Measures 
4.5 Geology and Soils 

Bayview Estates Residential Project 4.5-27 ESA / 208078 
Draft Environmental Impact Report May 2021 

The onsite materials proposed for excavation have previously been evaluated and determined 
satisfactory for reuse as fill placement (Engeo, 2003). Typically, fill materials, according to long 
standing adopted specifications, are placed in thin layers, given appropriate moisture content if 
necessary and compacted to pre-determined levels. This process becomes what is known as 
placing engineered fills that are monitored as they are placed to meet or exceed established 
standards contained in grading ordinances and building codes.  

The presence of Bay Muds in some areas of the Project site will require special consideration. 
These deposits are well known for their compressibility and general weakness to support any kind 
of loading. There are established methods for improving their suitability for development which 
include surcharging prior to development and removal. Surcharging soils is accomplished through 
temporary pre-loading of soils through the placement of stockpiled materials, essentially causing   
the Bay Muds to consolidate as much as possible prior to development. However, if the Bay Mud 
thicknesses are relatively minor, then excavation and removal of these layers can also reduce the 
hazard by replacement with engineered fill materials.  

Differential settlement could occur at the Project site due to the presence of differing conditions 
across the site. Differential settlement could damage building foundations, affect underground 
utilities and cause settlement of streets and roads. The proposed preliminary grading plan calls for 
areas that will transition from native materials to engineered fill areas. Improvements located 
within or across this transition zone may be susceptible to differential settlement where settlement 
rates differ based on differing engineering properties, which is considered a potentially significant 
impact. Earthquake-induced settlement or densification is generally associated with loose sands 
above the groundwater table that are subjected to earthquake shaking. This densification can 
cause settlement somewhat similar to the effects seen from liquefiable soils where the loose sand 
grains are reoriented, and also result in a potentially significant impact. 

Implementation of the following measure would ensure industry standard grading, fill placement, 
and geotechnical practices are employed and would reduce the potential differential settlement 
within transition zones, together reducing the potentially significant impacts associated with 
settlement to less than significant. 

Mitigation Measure GEO-3: Fill Placement. The Project applicant shall incorporate the 
geotechnical recommendations pertaining to proposed fill placement and site preparation 
including the fill transition zone areas for the grading plan for the Project, as specified in 
Engeo’s Geotechnical Exploration Bay View Subdivision report dated August 15, 2003, and 
the Geotechnical Review of Rough Grading Plan and Supplemental Recommendations 
dated June 27, 2006, and supplemental Plan Review and Response to Peer Review 
Comments Memo dated June 19, 2019 and Response to CCCFCD Comments Regarding 
Geotechnical Feasibility dated May 29, 2020, except as superseded by specific 
geotechnical recommendations related to engineering or the physical aspects of Project 
construction in the Geologic Peer Reviews dated August 9, 2006, April 14, 2006, and June 
30, 2020  by Darwin Myers Associates (DMA) on behalf of the County. In addition, the 
Project applicant shall adhere to County grading and construction policies to reduce the 
potential for geologic hazards, including settlement and differential settlement. All 
construction activities and design criteria shall comply with applicable codes and 
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requirements of the 2019 California Building Code (“Title 24”). The final grading plan 
reflecting the applicant recommendation for the site pertaining to fill placement shall be 
submitted to and approved by the Contra Costa Department of Conservation and 
Development prior to the commencement of Project construction. 

Significance after Mitigation: Less than Significant. 

_________________________ 

Soil Loss and Erosion 

Impact GEO-4: Project construction would loosen and expose substantial volumes of 
surface soils susceptible to loss of topsoil and erosion. (Criterion b) (Potentially Significant 
prior to Mitigation) 

Construction activities such as excavation, backfilling, grading, and compaction can expose areas 
of loose soil that, if not properly stabilized, could be subjected to soil loss and erosion by wind 
and storm water runoff. Concentrated water erosion, if not managed or controlled, can eventually 
result in significant soil loss. Rates of erosion can vary depending on the soil material and 
structure, placement and human activity. Excessive soil erosion can eventually damage building 
foundations and roadways. Erosion is most likely to occur on sloped areas with exposed soil, 
especially where unnatural slopes are created by extensive cut-and-fill activities, as for the 
proposed Project, resulting in a potentially significant impact. Typically, soil erosion potential is 
reduced once exposed soils are graded and covered with structures, paving, or vegetation. During 
construction, the Project applicant will comply with erosion and sediment control measures in 
accordance with Contra Costa County requirements, construction best management practices for 
the reduction of pollutants in runoff, and the State Water Resources Control Board National 
Pollution Discharge Elimination System (NPDES) General Construction Permit requirements, 
including the development and implementation of a stormwater pollution prevention plan 
(SWPPP) incorporating Best Management Practices (BMPs) (see Section 4.8, Hydrology and 
Water Quality, in this chapter of the Draft EIR). The SWPPP will identify BMPs for 
implementation during construction activities, such as detention basins, straw bales, silt fences, 
check dams, geofabrics, drainage swales and sandbag dikes, together minimizing the potential for 
substantial erosion during construction. 

After construction, over the long term operational phase of the Project, some erosion effects could 
develop on the upland exposed slope of the Project site. The exposed slope will consist of a 
heterogeneous surface that could expose bedrock to varying degrees. Some areas may be more 
susceptible to weathering from storm events than others. While the proposed drainage terraces 
will retain any minor slumps or rock falls, focused maintenance of these terraces will ensure long 
term stability. Proposed hydroseeding and vegetative control of the upland slopes may also 
present challenges given the proposed slopes and nutrient-poor condition of the bedrock, which 
could increase susceptible to erosion in those areas. With implementation of the mitigation 
measure below, the potentially significant impact would be reduced to less than significant.  
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Mitigation Measure GEO-4: Terraced Slopes/Drainage. The Project applicant shall 
ensure routine inspections and maintenance of terraced slopes conducted by qualified 
professionals. Maintenance measures shall include maintaining vegetative cover of exposed 
slopes upland of the proposed development after construction, for the operational life of the 
Project, consistent with the provisions of the Project's SWPPP, as identified in Section 4.7, 
Hydrology and Water Quality, if this EIR. Drainage conveyances on the cut terraces shall 
be maintained to ensure a minimum of 85 percent of total conveyance capacity, as specified 
in the Stormwater Management Facilities Operation and Maintenance Agreement. Any 
evidence of gulley or rill erosional effects shall be remedied immediately by the Project 
applicant through additional hydroseeding or other industry standard measures and best 
practices for erosion control.  

Significance after Mitigation: Less than Significant. 

_________________________ 

Expansive Soils 

Impact GEO-5: The Project site would be susceptible to expansive soils, posing substantial 
risk of structural damage or personal injury. (Criterion d) (Potentially Significant prior to 
Mitigation) 

The Project site is underlain by bedrock, colluvium, Bay Mud and some artificial fill. According 
to the preliminary geotechnical investigation, the clayey soils present at the site have a moderate 
to high potential for expansion (Engeo, 2003). As with other hazards described in this analysis, 
there are established methods for improving the suitability of existing site soils for development, 
including either in-situ treatment or replacement with engineered fill materials.  

Chapter 18 of the CBC provides standards and requirements for addressing expansive soils. As 
required by Mitigation Measure GEO-3, the placement of engineered fill and design criteria of 
the foundation would be consistent with the California Building Code. Implementation of the 
measures in Mitigation Measure GEO-3 could incorporate industry standard and best practice 
requirements for the type of fill, as well as fill placement and geotechnical practices, and these 
measures would reduce the potentially significant hazard regarding expansive soils to less than 
significant.  

Mitigation: Implement Mitigation Measure GEO-3. 

Significance after Mitigation: Less than Significant. 

_________________________ 

Paleontological Resources / Unique Geological Features 

Impact GEO-6: The Project would involve extensive subsurface disturbance that could 
potentially encounter and damage previously undiscovered buried paleontological resources 
or unique geological features. (Criterion f) (Potentially Significant prior to Mitigation) 
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As discussed above in the Setting, there is some potential to encounter paleontological resources 
within the geologic units to be excavated within the confines of the Project site. Subsurface 
fossils or other paleontological features, if present, could be damaged through excavation and 
other ground disturbing activities resulting in a potentially significant impact.  

Mitigation Measure GEO-5: Paleontological Resources Treatment. If paleontological 
resources are encountered, all construction activities within 100 feet shall halt and the 
County shall be notified. A qualified paleontologist, defined as a paleontologist meeting the 
Society for Vertebrate Paleontology’s Professional Standards shall inspect the findings 
within 24 hours of discovery. If it is determined that the Project could damage a 
paleontological resource or a unique geologic feature (as defined pursuant to the CEQA 
Guidelines), mitigation shall be implemented in accordance with PRC Section 21083.2 and 
Section 15126.4 of the CEQA Guidelines, with a preference for preservation in place. 
Consistent with Section 15126.4(b)(3), this may be accomplished through planning 
construction to avoid the resource; incorporating the resource within open space; capping 
and covering the resource; or deeding the site into a permanent conservation easement. If 
avoidance is not feasible, a qualified paleontologist shall prepare and implement a detailed 
treatment plan in consultation with the County. Treatment of unique paleontological 
resources shall follow the applicable requirements of PRC Section 21083.2. Treatment for 
most resources would consist of (but would not be not limited to) sample excavation, 
artifact collection, site documentation, and historical research, with the aim to target the 
recovery of important scientific data contained in the portion(s) of the significant resource 
to be impacted by the Project. The treatment plan shall include provisions for analysis of 
data in a regional context, reporting of results within a timely manner, curation of artifacts 
and data at an approved facility, and dissemination of reports to local and state repositories, 
libraries, and interested professionals. 

Significant after Mitigation: Less than Significant. 

Cumulative Impacts 

Impact C-GEO-1: The Project, in conjunction with cumulative development, would not 
result in significant cumulative impacts with respect to geology, soils, or seismicity to which 
the Project would have a cumulatively considerable contribution. (All Criteria) (Less than 
Significant; No Mitigation Required) 

Geographic Context 

The geographic area considered for the cumulative effects of geologic hazards, soils and/or 
seismic conditions is generally the Vine Hill/Pacheco Boulevard area since, as discussed below, 
these conditions can vary widely within a short distance.  

Cumulative Analysis 

Development of the Project with implementation of Mitigation Measures GEO-1 through 
GEO-5 would have less-than-significant impacts related to exposing persons or structures to 
geologic, soils, or seismic hazards. The Project, combined with cumulative past, present and other 
reasonably foreseeable development in the area, as specified in Section 4.0, Introduction to the 
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Environmental Analysis (4.0.6, Cumulative Analysis), would result in increased population and 
development in an area subjected to seismic risks and hazards. However, the entire San Francisco 
Bay Area is located within a seismically active region with a wide range of geologic and soil 
conditions relating to varying degrees of hazards. These conditions can vary widely within a short 
distance, making the cumulative context for potential impacts more localized and even site-
specific. Cumulative projects on severely steep property, and that have or would involve 
substantial grading like that proposed by the Project, have or may be required to implement 
project-level mitigation measures similar to those identified for the Project. Cumulative projects 
also have and would be required to adhere to all federal, State, and local programs, requirements 
and policies pertaining to building safety and construction permitting. Further, all cumulative 
projects also would be required to adhere to the County’s Building Code and Grading Ordinance 
as well as the CBC Title 24 building standards. With regard to the Palms 10 subdivision, located 
adjacent to the Project site, the robust regulations and mitigation measure prescribed above would 
ensure the Project's geological impacts would not have the potential to cumulate with any impacts 
from nearby grading or other development activities, ensuring the Project does not make any 
considerable contribution to a cumulative impact.  It should be noted, too, that any other project 
would have to abide by the same regulations and protocols as the proposed Project. Therefore, the 
proposed Project, combined with cumulative projects in the area, would not result in a significant 
impact by exposing people or structures to substantial risk related to geologic hazards, soils 
and/or seismic conditions. 

Mitigation: None required. 
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